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(54) ELECTRODE FOR FUEL CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new method for 
preventing a polymer electrolyte material from being 
decomposed by a radical resulting from hydrogen gas, which has 
passed through an electrolytic film, in an air electrode side 
catalyst layer of a fuel cell. 

SOLUTION: The air electrode side catalyst layer has a first 
catalyst layer on a side of the electrolytic film and a second 
catalyst layer on a side of a diffusion layer, where a gas transfer 
resistance of the first catalyst layer is higher than a gas 
transfer resistance of the second catalyst layer. 
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* NOTICES * 

JFO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the electrode used for a fuel cell, and the air pole side comes to carry out the laminating of a catalyst 
bed and the diffusion layer to an electrolyte membrane, 

It is the electrode for fuel cells with which said catalyst bed is equipped with the 1 st catalyst bed by the side 
of said electrolyte membrane, and the 2nd catalyst bed by the side of said diffusion layer, and said 1st 
catalyst bed is characterized by the thing with strong gas migration resistance rather than said 2nd catalyst 
bed. 

[Claim 2] 

The pore size of said 1st catalyst bed is an electrode [ smaller than the porosity of said 2nd catalyst bed ] for 
fuel cells according to claim 1 characterized by things. 
[Claim 3] 

The void content of said 1 st catalyst bed is an electrode [ smaller than the void content of said 2nd catalyst 
bed ] for fuel cells according to claim 1 characterized by things. 
[Claim 4] 

The fuel cell equipped with the electrode for fuel cells according to claim 1 to 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] 

This invention relates to amelioration of the electrode for fuel cells. 
[0002] 

[Description of the Prior Art] 

A fuel cell is a fuel electrode (it is also called a hydrogen pole when using hydrogen as a fuel electrode), and 
an air pole (since oxygen is reactant gas, it is also called an oxygen pole.). Moreover, while also calling it an 
oxidation pole, it is the configuration that the solid polymer electrolyte film was ****( e d). 
An electron is generated with progress of electrochemical reaction and the electromotive force of such a fuel 
cell of a configuration is generated by taking out this electron to an external circuit, as a result of supplying 
fuel gas to a fuel electrode side (anode) and supplying oxidation gas to an air pole side. That is, the 
hydrogen ion obtained with a fuel electrode (anode) can take out the electrical energy by a series of 
electrochemical reaction which the electron which moved the inside of the electrolyte membrane containing 
moisture to the air pole (cathode) side, and was obtained with the fuel electrode (anode) moves to an air pole 
(cathode) side through an external load, reacts with the oxygen in oxidation gas (air is included), and refines 
water with the gestalt of a proton (H30+). 
[0003] 

In such a fuel cell, an air pole is the configuration which carried out the laminating of a catalyst bed and the 
diffusion layer one by one from the electrolyte membrane side. In order to obtain a high output with a fuel 
cell, this catalyst bed used the carbon black from which structure developed for catalyst support, the void 
content was gathered, and set the chief aim to enlarge pore size, and was constituted. Since oxygen required 
for a reaction is contained only about 20% in air, this is because high gaseous diffusion nature is called for 
by the catalyst bed, in order to obtain the high engine performance. That is, the air of an amount comes to be 
enough supplied to the whole region of a catalyst bed by making gas migration resistance in a catalyst bed 
as small as possible. 
[0004] 

[Problem(s) to be Solved by the Invention] 

However, the high gaseous diffusion nature in this catalyst bed has the next technical problem. 
The hydrogen by which the fuel cell is supplied to the fuel electrode side in the open circuit (OCV) 
condition or the low-load-driving condition is not altogether used by generation of electrical energy, but 
penetrates an electrolyte membrane gradually, and reaches an air pole side (this phenomenon becomes 
remarkable especially, when an electrolyte membrane is thin). If metal ions, such as Fe++, are contained as 
contamination also in the minute amount, this will serve as a catalyst, and a part of hydrogen which reached 
the air pole side will react with oxygen, and it will generate a hydrogen peroxide. This hydrogen peroxide 
generates a hydroxy radical (-OH) under an acid ambient atmosphere. Since this radical has powerful 
oxidizing power, it has a possibility of carrying out oxidative degradation also of the electrolyte polymeric 
materials contained in a catalyst bed. 

therefore, in the former, electrolyte polymeric materials are disassembled by catching the metal ion used as 
the catalyst of hydrogen-peroxide generating by the chelating agent, and blending an antioxidant — thing 
prevention is carried out (one to patent reference 5 reference). 
[0005] 

[Patent reference 1 ] 
JP,2003-86187,A 
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[Patent reference 2] 
JP,2003-20308,A 
[Patent reference 3] 
JP,2002-343132,A 
[Patent reference 4] 
JP,2001 -22301 5,A 
[Patent reference 5] 
JP,2001-118591,A 
[0006] 

[Problem(s) to be Solved by the Invention] 

Disassembly of the polymeric materials of an electrolyte membrane will be controlled by adding a chelating 
agent and an antioxidant. 

However, adding the drugs applied in a fuel cell system not only leads to a cost rise, but the stability of the 
drugs itself is not checked. 

Then, this invention aims at offer of the new policy which prevents disassembly of the electrolyte polymeric 

materials by the hydrogen peroxide. 

[0007] 

[Means for Solving the Problem] 

When this invention person took lessons from decomposition prevention of the electrolyte polymeric 
materials by the hydrogen peroxide and came examination in piles wholeheartedly, he hit on an idea of 
"generating a radical chiefly in a catalyst bed in a diffusion layer side (part which is separated from an 
electrolyte membrane)" to a header and this invention. 

That is, it is the electrode used for a fuel cell, and the air pole side comes to carry out the laminating of a 
catalyst bed and the diffusion layer to an electrolyte membrane, 

It is the electrode for fuel cells with which said catalyst bed is equipped with the 1st catalyst bed by the side 
of said electrolyte membrane, and the 2nd catalyst bed by the side of said diffusion layer, and said 1st 
catalyst bed is characterized by the thing with high gas migration resistance rather than said 2nd catalyst 
bed. 
[0008] 

Thus, while migration of the hydrogen which has penetrated the electrolyte membrane is barred by the 1st 
catalyst bed according to the constituted electrode for fuel cells, it oxidizes in the 1st catalyst bed concerned, 
and the amount which reaches the 2nd catalyst bed by the side of a diffusion layer decreases. Since it has 
become clear that it is easier to generate in the diffusion layer side of the air pole side catalyst beds, a radical 
can control generating of the radical as the whole air pole side catalyst bed according to the above- 
mentioned structure. 
[0009] 

[Embodiment of the Invention] 

This invention is based on the following property in the air pole side catalyst bed which this invention 
person found out like previous statement. 

Generate a radical chiefly in a catalyst bed in a diffusion layer side (part which is separated from an 

electrolyte membrane). 

[0010] 

This knowledge was acquired by the experiment explained below. 

First, the fuel cell 1 of the example of a comparison shown in drawing 1 was produced. This fuel cell 1 
sandwiches the solid-state polyelectrolyte film 2 which consists of Nafion (Nafionl 12 made from Du Pont: 
brand name) by the air pole side catalyst bed 3 and the fuel electrode side catalyst bed 4, and the diffusion 
layer 5 is further formed in the outside of each catalyst beds 3 and 4. In addition, this fuel cell 1 is enclosed 
by casing which is not illustrated, and the hole for ******(i n g) air to an air pole 7 and the hole for ****** 
(ing) hydrogen gas to a fuel electrode 8 are prepared in this casing. 
[0011] 

The air pole side catalyst bed 3 and the diffusion layer 5 were formed as follows. 

First, a diffusion layer 5 is formed. The slurry which mixed PTFE dispersion (for example, Pori Flon D-l 
(trade name) by Daikin Industries, LTD.) with water-repellent carbon black (for example, DENKI 
KAGAKU KOGYO DIN a turnip rack (trade name)) is applied to both sides of a carbon cross (for example, 
GF[ by Nippon Carbon Co., Ltd. ]-20- P7 (trade name)), and it calcinates at 360 degrees C among a nitrogen 
air current. At this time, it is appropriate that consider the PTFE content of a spreading layer and coverage 
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considers as one side 2-10 mg/cm2 20 to 50%. 
[0012] 

Then, Pt support carbon powder catalyst of Pt40 - 60wt% content and an electrolytic solution (5%Nafion 
(brand name) solution made from Aldrich) are mixed, it applies and dries on a diffusion layer with a spray 
method or screen printing, and the air pole side catalyst bed 3 is obtained. As for the amount of catalyst 
support, it is desirable to consider per [ 0.2 ] catalyst bed area - as 0.6 mg/cm2. 
An air pole 7 consists of an air pole side catalyst bed 3 and a diffusion layer 5. 
[0013] 

On the other hand, the fuel electrode side catalyst bed 4 was formed as follows. Pt support carbon powder 
catalyst of Pt20 - 40wt% content and an electrolytic solution (5%Nafion (brand name) solution made from 
Aldrich) are mixed, it applies and dries on a diffusion layer with a spray method or screen printing, and the 
fuel electrode side catalyst bed 4 is obtained. As for the amount of catalyst support, it is desirable to 
consider per [ 0.1 ] catalyst bed area - as 0.3 mg/cm2. 

A fuel electrode 8 consists of a fuel electrode side catalyst bed 4 and a diffusion layer 5. 
[0014] 

The solid-state polyelectrolyte film 2 is inserted between the air poles 7 and fuel electrodes 8 which were 
obtained as mentioned above, and it joins by hot pressing, the conditions of a hotpress — temperature: — it is 
desirable to consider as 120-160 degrees C, pressure: 3 0-1 00 kg/cm2, and press time:l - 5 minutes. 
[0015] 

Thus, after fully performing energization processing in advance to the fuel cell 1 of obtained drawin g 1 and 
being activated to it, set eel temperature as 80 degrees C, two poles 7 and 8 are made to fully dry dry N2 gas 
as ********, and the condition of a fuel cell 1 is initialized. This is for the difference in the damp or wet 
condition in early stages of an electrolyte membrane 2 protecting changing the amount of transparency of 
the hydrogen of an electrolyte membrane. Then, a part (SUTOIKI ratio 4 at 0.05 A/cm2) for 0.03L/is 
supplied for heavy hydrogen (80 degrees C, saturation humidification) to a fuel electrode 8 side, a part 
(SUTOIKI ratio 17 at 0.05 A/cm2) for 0.32L/is sent for air (humidifying [ a room temperature / no ]), and a 
fuel cell 1 is operated by the open circuit condition. The end of a glass capillary is contacted to an air pole 7, 
and the other end of a capillary is connected to a high vacuum exhauster and a mass spectrometer. About 
seven air pole [ which was sampled through the capillary ] gas constituents are identified by in-situ with a 
mass spectrometer. 
[0016] 

The result of identification is shown in drawing 2 . In drawing 2 , 1 0 minutes of the beginning showed the 
initialization phase and supplied heavy hydrogen (D2) gas to the fuel electrode 8 side after [ of measurement 
initiation ] 1 0 minutes. Consequently, the concentration of peroxidation heavy hydrogen (D 202) and heavy 
hydrogen fluoride (DF) is increasing. The heavy hydrogen which passed the electrolyte membrane 2 
oxidizes in the air pole side catalyst bed 3, and turns into peroxidation heavy hydrogen, this peroxidation 
heavy hydrogen produces a radical (-DH) under an acid ambient atmosphere, and this is considered that this 
disassembled the electrolyte polymeric materials of a catalyst bed 3, and generated heavy hydrogen fluoride. 

[0017] 

Next, in the fuel cell of drawing 1 , the monitor of the amount of generation of the hydrogen fluoride (HF) 
when changing the pore structure of the air pole side catalyst bed 3 was carried out. A result is shown in 
drawing 3 . The line of the bottom in drawing shows HF concentration. Drawing 3 shows that the 
concentration of HF becomes high as a void content becomes large. That is, the yield of a hydroxy radical 
increases as a catalyst bed 3 becomes a non-dense and the gas migration resistance becomes low. 
By the catalyst bed with low gas migration resistance, this is considered to become easy to generate the 
hydrogen peroxide which is a source of radical formation, in order that the hydrogen which has passed the 
electrolyte membrane 2 may spread round the whole catalyst bed easily. 

the result of drawing 3 — "catalyst bed — a non-dense (gas migration resistance smallness), so that — the 
yield of a hydrogen peroxide — increasing — an another side catalyst bed — nectar (gas migration resistance 
size), so that — the yield decreases — " — it can check. 

In addition, the Measuring condition of drawing 3 is as a publication among drawing. Each output voltage in 

each sample is a little less than [ 1 V ]. 

[0018] 

In the fuel cell 1 of drawing 1 , although Pt support carbon catalyst was used as an air pole side catalyst bed 
4, the condition of hydrogen fluoride generating by the open circuit condition about what made this Pt-Black 
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(other manufacture conditions are the same) is shown in drawing 4 . The roughness factor of what has Pt 
support carbon catalyst in a catalyst bed 4, and the thing which has a Pt-Black catalyst was unified, and both 
gas migration resistance was substantially made equal. 

The result of drawing 4 shows that the yield of hydrogen fluoride is decreasing notably, when a Pt-Black 
catalyst is adopted. In order that the oxygen molecule which adsorbed on platinum may dissociate this 
easily, it is considered to react with the hydrogen which has penetrated the electrolyte membrane 2, and for 
water to only generate, and to be hard to generate the hydrogen peroxide which is a source of radical 
formation. 
[0019] 

Like previous statement, compared with Pt support carbon catalyst, with the Pt-Black catalyst, as it was 
shown in drawing 5 on the assumption that the yield of hydrogen fluoride becomes small, the air pole side 
catalyst bed was used as the layer which consists either of a Pt support carbon catalyst as two-layer structure 
(the 1st catalyst bed 13 a, the 2nd catalyst bed 13b), and another side was used as the layer which consists of 
a Pt-Black catalyst. In addition, in drawing 5 , the same sign is given to the same element as drawing 1 , and 
the explanation is omitted. The result of monitor Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. 
is shown for the amount of hydrogen fluoride generation when carrying out open circuit actuation of the fuel 
cell 10 which has such an air pole side catalyst bed in drawing 6 . 

The result of drawing 6 shows that the amount of generation of hydrogen fluoride is falling notably, when 
the Pt-Black catalyst bed has been arranged to the diffusion layer 5 side. If an example is taken by a Pt- 
Black catalyst bed having small generating of HF, it will be presumed that the generating part of a radical is 
located in a diffusion layer side in a catalyst bed. 

It can check this new knowledge by this invention person, and "generate a radical chiefly in a catalyst bed in 
a diffusion layer side (part which is separated from an electrolyte membrane)" from the result of drawing 4 
and drawing 6 . 

In addition, the Measuring condition of drawing 6 is as a publication among drawing. Each output voltage in 

each sample is a little less than [ 1 V ]. 

[0020] 

The fuel cell 20 of an example is shown in drawing 7 . In drawing 7 , the same sign is given to the same 
element as drawing 1 , and the explanation is omitted. 

In the fuel cell 20 of an example, the air pole side catalyst bed (the 2nd catalyst bed) 3 is formed in a 
diffusion layer 5 like the case of drawing 1 (thickness: about 10 micrometers). Then, a void content and/or 
pore size select small that to which gas migration resistance becomes large in advance from the 2nd catalyst 
bed 3 by measuring pore distribution of the fine particles which mixed Pt support carbon powder catalyst 
and the electrolyte, and were dried. This catalyst and electrolytic solution are mixed, this is applied and 
dried on the 2nd catalyst bed 3 with a spray method, screen printing, etc., the 1st catalyst bed 23 is formed 
(thickness: about 2-5 micrometers), and it considers as the air pole 27 of an example. That organization of 
this 1st catalyst bed 23 is more precise than the 2nd catalyst bed 3, and its gas migration resistance is high. 
In the example, the amount of catalyst support in this 1st catalyst bed 23 was made per [ 0.01 ] area of a 
catalyst bed - into 0.2 mg/cm2. 
[0021] 

Thus, the result of monitor Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. is shown for the 
hydrogen fluoride yield when carrying out open circuit actuation of the fuel cell 20 of the acquired example 
in drawing 8 . The example of a comparison shows the fluorine yield of the fuel cell 1 of drawing 1 . In 
addition, the Measuring condition of drawing 8 is as a publication all over drawing. Each output voltage in 
each sample is a little less than [ 1 V ]. 

according to the fuel cell 20 of the result of drawing 8 to an example — the time of the balance 1 0 hours (600 
minutes) after test initiation — also setting — the yield of hydrogen fluoride — about [ of the example of a 
comparison ] — it turns out that it is decreasing to one half. The absolute magnitude of hydrogen which 
reaches to the 2nd catalyst bed which has the potential which is easy to generate a radical since migration of 
the hydrogen which has penetrated the electrolyte membrane 2 is barred by the 1 st catalyst bed of a dense 
configuration becomes small, and this is considered because the yield of the hydrogen peroxide which has 
and serves as a radical source of release became small as the whole catalyst bed. 
[0022] 

If the 1 st high layer of gas migration resistance is prepared in an air pole side catalyst bed, it will be 
apprehensive about the diffusibility of air falling and the output characteristics of a fuel cell declining. 
However, as shown in drawing 9 , the fuel cell ( drawing 7 ) of an example showed the equivalent volt 
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ampere characteristic as substantially as the fuel cell ( drawing 1 ) of the example of a comparison. 
That is, according to the fuel cell 20 of an example, generation of a radical can be controlled where an 
operating characteristic is maintained. Therefore, disassembly of electrolyte polymeric materials will be 
controlled and the stable generation-of-electrical-energy capacity will be maintained. 
[0023] 

This can be made into a three-tiered structure thru/or the multilayer structure beyond it although the air pole 
side catalyst bed is made into two-layer structure in the example of drawing 7 . In this case, it is desirable to 
turn gas migration resistance of each class to a diffusion layer, and to make it small one by one from an 
electrolyte membrane side. Furthermore, in an air pole side catalyst bed, the gas migration resistance can 
also be dwindled towards a diffusion layer from an electrolyte membrane side. 
[0024] 

In the air pole side catalyst bed, it was checked by this invention person that more radicals occur in the part 
by the side of a diffusion layer. Therefore, property lowering of an air pole side catalyst bed can be 
effectively aimed at by giving a radical generating prevention means intensively to the part concerned. As 
the radical generating prevention means concerned, the activity of the chelating agent and antioxidant which 
are proposed by the patent reference 1-5 besides the activity (refer to drawing 3 ) of a compact layer and the 
activity (refer to drawing 4 ) of a Pt-Black catalyst can be considered. 
[0025] 

[Effect of the Invention] 

As explained above, according to invention of claim 1 , it had the 1 st catalyst bed by the side of an 
electrolyte membrane, and the 2nd catalyst bed by the side of a diffusion layer as an air pole side catalyst 
bed, and gas migration resistance of the 1 st catalyst bed was made higher than the 2nd catalyst bed. While 
migration of the hydrogen which has penetrated the electrolyte membrane is barred by the 1st catalyst bed 
by this, it oxidizes in the 1st catalyst bed concerned, and the amount which reaches the 2nd catalyst bed by 
the side of a diffusion layer decreases. Since it has become clear that it is easier to generate in the diffusion 
layer side of the air pole side catalyst beds, a radical can control generating of the radical as the whole air 
pole side catalyst bed according to the above-mentioned structure. Therefore, disassembly of the electrolyte 
polymeric materials in an air pole side catalyst bed is controlled, and stable maintenance of the engine 
performance is carried out. 

According to invention of claim 2, in order to raise the gas migration resistance in claim 1, the pore size of 
the 1st catalyst bed was made smaller than the pore size of the 2nd catalyst bed. Generating of the radical as 
the whole air pole side catalyst bed can be controlled according to this structure. 

According to invention of claim 3, in order to raise the gas migration resistance in claim 1, the void content 
of the 1st catalyst bed is smaller than the void content of the 2nd catalyst bed. Generating of the radical as 
the whole air pole side catalyst bed can be controlled according to this structure. 

According to invention of claim 4 which furthermore applied these electrodes for fuel cells to the fuel cell, 

the life of a fuel cell will improve. 

[0026] 

This invention is not limited to explanation of the gestalt of implementation of the above-mentioned 
invention, and an example at all. It does not deviate from the publication of a claim but deformation modes 
various in the range this contractor can hit on an idea of easily are also contained in this invention. 
[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the mimetic diagram showing the configuration of the fuel cell of the example of 
a comparison of this invention. 

[Drawing 2] Drawing 2 is a chart which shows generating of D202 and DF of the fuel cell of the example of 
a comparison. 

[Drawing 3] Drawing 3 is a chart which shows the magnitude of gas migration resistance and the relation of 
generating (namely, generating of a radical) of HF to an air pole side catalyst bed. 

[Drawing 4] Drawing 4 is a chart which shows the relation of generating (namely, generating of a radical) 
between Pt support carbon catalyst, a Pt-Black catalyst, and HF in an air pole side catalyst bed. 
[Drawing 5] Drawing 5 is the mimetic diagram showing the configuration of the fuel cell of the example of 
an experiment. 

[Drawing 6] Drawing 6 is a chart which shows the relation of generating (namely, generating of a radical) of 
HF in the fuel cell of drawing 5 . 

[Drawing 7] Drawing 7 is the mimetic diagram showing the configuration of the fuel cell of an example. 
[Drawing 8] Drawing 8 is a chart which shows the relation of generating (namely, generating of a radical) of 
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HF of the fuel cell of an example and the example of a comparison. 

[Drawing 9 ] Drawing 9 is a chart which shows the operating characteristic (current potential property) of the 
fuel cell of an example and the example of a comparison. 
[Brief Description of Notations] 
1, 10, 20 Fuel cell 

2 Electrolyte Membrane 

3 Air Pole Side Catalyst Bed 

4 Fuel Electrode Side Catalyst Bed 

5 Diffusion Layer 

7 Air Pole 

8 Fuel Electrode 

13a, 23 The 1st catalyst bed 
13b, 3 The 2nd catalyst bed 



[Translation done.] 
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[Drawing 1] 





[Drawing 2] 
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[Drawing 3 ] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 8] 
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